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@ A Schottky barrier diode includes a semicon- 
ductor substrate (10), an ohmic metal electrode 
(20) formed on a first region of the semiconduc- 
tor substrate (10), and a Schottky metal elec- 
trode (30) fonmed on a second region spaced 
apart from the first region on the semiconduc- 
tor substrate (10). The Schottky electrode (30) 
Includes al least one ohmIc portion (31) forming 
an ohmic contact with the semiconductor sub- 
strate (10), whereby rectilying characteristics of 
the Schottky barrier diode are improved. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a Schottky bar- 
rier diode and a method of manufacturing thereof, and 
more particularly though not exclusively, to a Schottky 
barrier diode having rectifying characteristics inn- 
proved and a method of manufacturing thereof. 

Description of the Background Art 

Fig. 1 schematically shows a sectional view of a 
conventional Schottky banrier diode. Referring to Fig. 

I, this diode has an ohmic metal electrode 20 and a 
Schottky metal electrode 30 provided at the bottom 
side and the top side, respectively, of the main surface 
of a semiconductor substrate 10 having a plate con- 
figuration. 

In a Schottky barrier diode utilizing rectifying 
characteristics by a metal/seminconductor junction, a 
depletion layer is formed in the semiconductor in the 
proximity of the metal/semiconductor junction inter- 
face to generate a built-in voltage so that the Fermi 
level in both sides of the metal/semiconductor junc- 
tion interface is Identical. Since there are no charge 
canriers such as electrons and holes in depletion layer 

II , it is necessary to lower the potential barrier height 
of depletion layer 1 1 by applying a forward voltage op- 
posing the built-in voltage in order to obtain a forward 
cunrent between Schottky electrode 30 and ohmic 
electrode 20. The forward voltage applied to lower the 
potential banrier height of depletion layer 11 is equiv- 
alent to the threshold voltage of the diode. Therefore, 
a forward direction voltage greater than the threshold 
voltage must be applied to obtain a flow of forward 
cunrent. 

Particulariy, a Schottky bamer diode employing a 
GaAs substrate has a built-in voltagegreater than that 
of a diode employing a silicon substrate. This built-in 
voltage does not substantially change even if the type 
of the metal of the electrode is changed. This means 
that a Schottky banier dbde employing a GaAs sub- 
strate has rectifying characteristics in the forward di- 
rection inferior to that of one employing a silicon 
substrate. 

A typical threshold voltage of a Schottky banrier 
diode using a GaAs substrate is 0.6V. A forward volt- 
age exceeding the threshold voltage of 0.6V must be 
applied to establish a flow of forward current. If a for- 
ward voltage of 0.9V, for example, is applied to estab- 
lish a flow of forward cunrent 1, 0.6V x I is consumed 
as power loss. Two thirds of the entire consumed 
power O.gv x I is spent as the power loss by the 
threshold voltage to be converted into undesired heat 



SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present 
invention is to provkle a Schottky banier diode having 

5 rectifying characteristics improved and a method of 
manufacturing thereof. 

According to an aspect of the present invention, 
a Schottky barrier diode includes a semiconductor 
substrate having a predetermined concentration of a 

10 conductivity type detenmining impurity, an ohmic met- 
al electrode formed on a first region of the semicon- 
ductor substrate, and a Schottky metal electrode 
fomned on a second region spaced apart from the first 
region in the semiconductor substrate. The Schottky 

15 electrode includes at least one ohmic region that 
forms an ohmic contact with the semiconductor sub- 
strate, whereby rectifying characteristics of the 
Schottky barrier diode are improved. 

According to another aspect of the present inven- 

20 tion, a method of manufacturing a Schottky barrier 
diode includes the steps of fomning an ohmic metal 
electrode in a first region on a semiconductor sub- 
strate, fonming at least one small ohmic contact metal 
film in a second region spaced apart from the first re- 

25 gion on the semiconductor substrate, and then fomn- 
ing a Schottky contact metal film to cover the second 
region, whereby a Schottky metal electrode is easily 
fomned that includes an ohmic contact metal film cov- 
ered by a Schottky contact metal film with reliable 

30 electrical contact therebetween. 

According to a further aspect of the present inven- 
tion, a method of manufacturing a Schottky barrier 
diode includes the steps of fonming an ohmic metal 
electrode in a first region on a semiconductor sub- 

36 strata, fonming at least one ohmic contact metal film 
in a second region spaced apart from the first region 
on the substrate, etching anisotropically the second 
region of the substrate excluding the region covered 
by the ohmic contact metal film to form a substrate 

40 projection beneath the ohmic contact metal film, and 
fonming a Schottky contact metal film covering the 
ohmic contact metal film and the second region. 

The above and further features of the present in- 
vention are set forth in the appended claims, and 

45 should become clearer from consideration of the fol- 
lowing detailed description of embodiments of the in- 
vention given with reference to the accompanying 
drawings. 

60 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a conventional 
Schottky barrier diode. 

Fig. 2 is a perspective view of a Schottky barrier 
55 diode according to an embodiment of the present in- 
vention. 

Figs. 3A and 38 are sectional views of the diode 
of Fig. 2. 
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Figs. 4 - 6 are sectional views of Schottky barrier 
diodes according to other embodiments of the present 
Invention. 

Figs. 7A and 7B are sectional views of the diode 
of Fig. 6 for describing the operation thereof. 5 

Figs. 8 and 9 are sectional views of Schottky bar- 
rier diodes according to other embodiments of the pre- 
sent invention. 

Figs. 10A and 10B are sectional views of a 
Schottky barrier diode for describing the operation io 
thereof according to yet another embodiment of the 
present invention. 

Figs. 11 and 12 are sectional views of Schottky 
banrier diodes according to yet still further embodi- 
ments of the present invention. is 

Fig. 13 is a graph showing rectifying character- 
istics of the diode of the embodiment of Fig. 8. 

Figs. 14A- 14C aresectional views for describing 
the manufacturing method of a Schottky barrier diode 
according to still an additional embodiment of the pre- 20 
sent invention. 

Figs. 15A and 15B are sectional views for des- 
cribing the method of manufacturing a Schottky bar- 
rier diode according to yet an additional embodiment 
of the present invention. 25 

In the drawings, conresponding components have 
identical reference numerals denoted thereto. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



30 



A Schottky barrier diode will be described 
hereinafter according to an embodiment of the pre- 
sent invention with reference to Figs. 2, 3A. and 3B. 
An ohmic electrode 20 is provided at the bottom side 35 
of the main surface of a semiconductor substrate 10 
such as a GaAs substrate. A small disc-like (for 
example, approximately 0.5^ in diameter) ohmic 
contact metal film 31 is provided in the center portion 
on the top side of the main surface of semiconductor 40 
substrate 10. A Schottky contact metal film 32 is pro- 
vided on the surface of substrate 10, sunrounding 
ohmic contact metal film 31 continuously. The electrl- 
cally connected ohmic contact metal film 31 and 
Schottky contact metal film 32 form Schottky elec- 45 
trode 30. Although the shape of ohmic contact metal 
film 31 is not limited to a disc, the area thereof is sur- 
rounded by Schottky electrode 30. It Is to be noted that 
ohmic contact metal film 31 may be covered by 
Schottky contact metal film 32. 50 

When voltage is not applied or reverse voltage is 
applied across Schottky electrode 30 and ohmic elec- 
trode 20 in this Schottky banrier diode, depletion layer 
11 extends from the Schottky contact interface in 
semiconductor substrate 10, as shown in Fig. 3A De- 55 
pletion layer 1 1 spreads in the horizontal direction of 
semiconductor substrate 10, as well as in the depth di- 
rection. This means that not only the region beneath 



Schottky contact metal film 32, but also the region be- 
neath ohmic contact metal film 31 is screened by de- 
pletion layer 11. As a result the reverse current 
between Schottky electrode 30 and ohmic electrode 
20 is blocked by depletion layer 11. 

The extension of depletion layer 1 1 in the horizon- 
tal direction is not so great In order to reliably block 
reverse cunrent between Schottky electrode 30 and 
ohmic electrode 20, ohmic contact metal film 31 must 
be small enough to be reliably screened by the exten- 
sion of depletion layer 11 in the horizontal direction. 

In the case where forward voltege is applied be- 
tween Schottky electrode 30 and ohmic electrode 20, 
depletion layer 1 1 beneath the Schottky contact inter- 
face is reduced, as shown in Fig. 3B. Depletion layer 
1 1 does not exist in the region between ohmic contact 
metal film 31 and ohmic electrode 20 so that a current 
path can be formed. Thus, the application of a forward 
voltage causes the flow of forward current I between 
ohmic contact metal film 31 and ohmic electrode 20. 
The absence of depletion layer 1 1 1n the ohmic region 
where forward current I flows suppresses the gener- 
ation of wasteful voltage drop caused by depletion 
layer 11. This means that forward current I of a suffi- 
cient level can be obtained by a small forward voltage 
to achieve superior rectifying characteristics. 

In order to prevent reverse current adequately, 
ohmic contact metal film 31 must be small enough to 
be screened by the extension of depletion layer 1 1 in 
the horizontal direction when the voltage applied to 
the diode is OV. However, a considerably small ohmic 
contact metal film 31 is not preferred to facilitate the 
flow of forward current This is because a greater for- 
ward voltage will be required to eliminate the spread 
of depletion layer 11 in the horizontal direction under 
the region beneath ohmic contact metal film 31 to form 
a current path. The area of ohmic contact metal film 
31 Is set to an optimum value that can ensure the 
block of reverse current and that can establish for- 
ward current by a small forward voltage. 

Refening to Fig. 4, a Schottky banrier diode ac- 
cording to another embodiment of the present inven- 
tion is shown. This diode is similar to that of Fig. 3A, 
except for a plurality of ohmic contact metal films 31 
included in Schottky electrode 30. The diode of Fig. 4 
can have the forward current density flowing per 
ohmic contact metal film 31 reduced with respect to 
the diode of Figure 3A. Therefore, rf the forward cur- 
rent densities are made equivalent to that of the diode 
of Figure 3A, a flow of a greater forward cun-ent can 
be established for the entire diode. Each of the plurali- 
ty of ohmic contact metal films 31 is not limited to a 
disc shape, and may be a rectangular, a polygon, a 
narrow stripe, a thin ring, or a narrow stripe network. 

Fig. 5 shows a Schottky barrier diode according 
to afurther embodiment of the present invention. This 
diode is similar to that of Fig. 4, except that ohmic 
electrode 20 and Schottky electrode 30 are provided 
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on the same main surface of semiconductor substrate 
10. More specifically, ohmic electrode 20 is separated 
from Schottky electrode 30 on the top side main sur- 
face of semiconductor substrate 10. Ohmic electrode 
20 is fonmed in a ring configuration to sunound 
Schottky electrode 30. On applying forward voltage to 
this diode, forward current flows across the plurality of 
ohmic regions 31 in Schottky electrode 30 and a ring- 
shaped ohmic electrode 20 through the upper layer 
portion of semiconductor substrate 1 0. In this embo- 
diment, the ring-shaped ohmic electrode 20 provided 
along the peripheral edge 33 of Schottky electrode 30 
serves as a guard ring to prevent the generation of 
voltage breakdown at peripheral edge 33 of Schottky 
electrode 30. 

Fig. 6 shows a Schottky diode according to still 
another embodiment of the present invention. This 
diode is similar to that of Fig. 4, except that a plurality 
of projections 12 are fonmed at the upper side of semi- 
conductor substrate 10. The plurality of projections 12 
may be formed by etching semiconductor substrate 
10, or by deposition utilizing semiconductor crystal 
growth and the like. The top face of each projection 12 
is covered with ohmic contact metal film 31 . The sur- 
face of substrate 10 excluding projection 12 and the 
sidewall of projection 12 are covered with Schottky 
contact metal film 32. 

In the Schottky barrier diode of Fig. 6, depletion 
layer 1 1 extends from the sidewall of projection 12 in- 
wardly by the influence of Schottky contact metal film 
32 fonmed on the sidewall of projection 12. Therefore, 
when reverse voltage is applied, ohmic contact metal 
film 31 fonmed on the surface of projection 12 can re- 
liably be screened by depletion layer 1 1 to ensure the 
block of reverse cun-ent. 

When forward voltage is applied, the depletion 
layer 11 along the sidewall of projection 12 is thinner, 
as shown in Fig. 7B. Therefore, fon/vard current I can 
flow between ohmic contact metal film 31 and ohmic 
electrode 20. 

Although the sidewall of projection 12 is covered 
with Schottky contact metal film 32 in the diode of Fig. 
6, the sidewall of projection 12 may be covered with 
ohmic contact metal film 31 instead. This is because 
the depletion layer can extend in the horizontal direc- 
tion from the edge of Schottky contact metal film 32 
in the proximity of the root of projection 12 to screen 
projection 12. 

Fig. 8 shows a Schottky barrier diode according 
to a still further embodiment of the present invention. 
The diode is similar to that of Fig. 6 having a plurality 
of projections formed in the upper side of semiconduc- 
tor substrate 10. However, the semiconductor sub- 
strate 10 of Fig. 8 includes a first layer 10a of a high 
impurity concentration (n*), and a second layer 10b of 
low impurity concentration {n") provided thereupon. 
Projection 12 is fonmed in the region of n" layer 10b. 
Therefore, a depletion layer easily spreads in projec- 



tion 12 when reverse voltage is applied to block re- 
verse current in a more reliable manner. 

Fig. 9 shows a Schottky bamer diode according 
to yet a further embodiment of the present invention. 

6 This diode is similar to that of Fig. 8, except that semi- 
conductor substrate 10 further includes a third layer 
1 0c of high impurity concentration (n^) fonmed on sec- 
ond layer 10b. The root portion of projection 12 is 
located in second layer 10b. The third layer 10c is 

10 located at the upper portion of projection 1 2. Not only 
the top surface, but also at least one portion of the 
sidewall of projection 12 is covered with ohmic contact 
metal film 31. 

When reverse voltage is applied to such a diode, 

15 a depletion layer easily expands in the proximity of the 
root of projection 1 2 since that portion is fonmed of an 
n~ layer 10b. Thus, the reverse current is reliably 
blocked. When forward voltage is applied, the flow of 
fonward current between ohmic contact metal film 31 

20 and ohmic electrode 20 is facilitated due to a smaller 
electric resistance since the upper portion of projec- 
tion 12 is fonmed of an n"" layer 10c. 

Figs. 10a and 10b show a Schottky barrier diode 
according to yet another embodiment of the present 

2s invention. This diode has a relatively thin n" layer 10b 
which is located in the intenriediate level of projection 
12. Fig. 10A shows the state of depletion layer 11 
when forward voltage is applied. The application of 
forward voltage results in a depletion layer 11 which 

30 is thinner along Schottky contact metal film 32 on the 
sidewall of projection 12. Because n" layer 10b is thin 
between ohmic contact metal film 31 and ohmic elec- 
trode 20, the forward current can easily flow between 
them through the other n^ regions. 

35 Fig. 108 shows the state of depletion layer 11 
when reverse voltage is applied. The application of re- 
verse voltage results in a depletion layer which is 
thicker along Schottky contact metal film 32 at the 
sidewall of projection 12. The spread of depletion 

40 layer 11 in the horizontal direction is particularly 
noticeable in n* layer 10b due to the low impurity con- 
centration of second layer 10b. Ohmic contact metal 
film 31 is completely screened by depletion layer 11 
extending in n" layer 10b so that reverse current is 

45 blocked between ohmic contact metal film 31 and 
ohmic electrode 20. 

Projection 12 may be formed to have a width of 
l^m and a height of 3nm. The n" layer 10b in projec- 
tion 12 may be fonmed to have a thickness of ap- 

50 proximately l^m with an impurity concentration of 
approximately SxlO^^/cm^. The other regions in pro- 
jection 12 excluding n' layer 10b may have an impuri- 
ty concentration of approximately IxlO^^/cm^ 
There may be a continuous change in impurity 

55 concentration in projection 12. For example, the im- 
purity concentration may be approximately 
1x10i^/cm3 in the proximity of the upper portion of pro- 
jection 12 to be reduced in a gauss distribution man- 
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ner to approximately SxIQiVcm^ as a function of 
depth. With this impurity distribution, the flow of for- 
ward current is facilitated by the high impurity concen- 
tration at the upper portion of projection 12, while the 
expansion of depletion layer 1 1 is facilitated by the 6 
low impurity concentration at the bottom portion. 

Fig. 11 shows a Schottky barrier diode according 
to yet a still further embodiment of the present inven- 
tion. This diode is similar to that of Fig, 6, except that 
an insulation layer or a high resistance layer 40 is in- io 
serted between the surface of semiconductor sub- 
strate 10 excluding projection 12 and Schottky 
contact metal film 32. The insulation layer or high re- 
sistance layer 40 serves to reliably prevent reverse 
cunent between ohmic electrode 20 and Schottky is 
contact metal film 32. 

Fig. 12 shows a Schottky barrier diode according 
to an additional embodiment of the present invention. 
This diode is similar to that of Fig. 1 1 , except that pro- 
jection 12 is formed of an n' layer 10b of low impurity 20 
concentration. For example, projection 12 can take an 
impurity concentration of approximately 10^3 - 
10i6/cm3^ while the portion of the semiconductor sub- 
strate other than projection 12 may take an impurity 
concentration of approximately 1 0^^/cm^. 26 

In a diode as shown in Fig. 8 that does not have 
such an insulation layer 40 formed therein, there may 
be a leakage current caused by a punch through 
phenomenon, as shown by arrow X. when the thick- 
ness of the depletion layer beneath Schottky contact 30 
metal fOm 32 is not sufficient. Furthermore, there may 
be a breakdown caused by edge effect in the bending 
portion of Schottky contact metal film 32, as shown by 
arrow Y. The insulation layer 40 of Fig. 12 serves to 
prevent leakage current by punch through or break- 35 
down by edge effect. 

The graph of Fig. 13 shows the comparison of re- 
ctifying characteristics between the Schottky banrler 
diode according to an embodiment of the present in- 
vention and the conventional Schottky ban-ier diode. 40 
Refenring to Fig. 13, the absclsse represents forward 
voltage (V), and the ordinate represents forward cur- 
rent (A). Curves LI and L2 show the forward volt- 
age/cunrent characteristics of the Schottky banrler 
diode according to the embodiment of Fig. 8 and that 45 
of the conventional Schottky banner diode of Fig. 1 re- 
spectively. The rectangle area related to each of cur- 
ves LI , L2 in Fig. 1 4 con-esponds to the power loss V1I 
or V2I consumed at a given current value I by the re- 
levant d lode. This power loss is converted into heat to so 
raise the temperature of the diode. 

It can be appreciated from the comparison of cur- 
ves L1 and L2 of Fig. 1 3 that the Schottky ban-ier diode 
of the embodiment of Fig. 8 has a power loss consid- 
erably smaller than that of the conventional Schottky 55 
barrier diode of Fig. 1 . It can be said that the Schottky 
barrier diode of the present embodiment has superior 
rectifying characteristics. 



A method of manufacturing a Schottky barrier 
diode according to still an additional embodinnent of 
the present Invention will now be described with refer- 
ence to Figs. 14A - 14C. Refening to Fig. 14A. ohmic 
electrode 20 is fonmed at the bottom side of the main 
surface of semiconductor substrate 10 such as of a 
GaAs substrate. Although It Is economical to form 
ohmic electrode 20 at the eariier stage of manufac- 
ture, it may be formed in the middle or at the last step 
of the manufacturing process. Referring to Fig. 14B, 
a plurality of ohmic contact metal films 31 are formed 
on the top side of the main surface of semiconductor 
substrate 1 0. The width of each ohmic contact metal 
film 31 is set to be not more than two times the dep- 
letionlayer thickness in the horizontal direction when 
the voltage is not applied. Referring to Fig. 14C, 
Schottky contact metal film 32 Is formed by vapor de- 
position and the like on the top face of the nnain sur- 
face of semiconductor substrate 10 while covering 
ohmic contact metal film 31 . Thus, ohmic contact met- 
al film 31 and Schottky contact metal film 32 attain an 
electrically conductive state. Although ohmic contact 
metal film 31 is covered with Schottky contact metal 
film 32, the ohmic contact at the interface of ohmic 
contact metal film 31 and semiconductor substrate 10 
Is retained. 

The method of manufacturing the Schottky barrier 
diode of Figs. 14A - 14C does not require the critical 
registration (more specifically, within the range of 
horizontal depletion layer thickness) of ohmic contact 
metal film 31 and the mask for Schottky contact metal 
film fomiation needed in the manufacturing of the 
embodiment of Fig. 2, nor the critical registration of 
Schottky contact metal film 31 and ohmic contact met- 
al film 32. There is no possibility of incomplete elec- 
trical conduction caused by a gap between ohmic 
contact metal film 31 and Schottky contact metal film 
32. Schottky electrode 30 can be formed precisely 
and easily. 

The depletion layer thickness is related to the im- 
purity concentration in the proximity of the surface of 
semiconductor substrate 10. For example. If the im- 
purity concentration is approximately 1x10i5/cnn^. the 
depletion layer thickness is approximately 1.5pjm. 
Therefore, the width of ohmic contact metal film 30 
can easily be controlled to be not more than two times 
(3.0^m) the depletion layer thickness. Even if the im- 
purity concentration is as high as Sx^Q^^fcm^, the de- 
pletion layer thickness is approximately 0.5 ^m. 
Therefore, a double depletion layer thickness is ap- 
proximately l^m, and an ohmic contact metal film 31 
can easily be fonmed. 

It is to be understood that ohmic contact metal film 
31 may be covered with Schottky contact metal film 32 
in the embodiments of Figs. 4, 5, 6, and 9. 

Figs. 15A - 15D shows a method of manufactur- 
ing a Schottky barrier diode according to yet an ad- 
ditional embodiment of the present invention. 
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ke configuration, 
and wherein 

said first region is located on a first main 
surface of said substrate (10), and 
5 said second region is located on a second 

main surface of said substrate (10). 

3. The Schottky barrier diode according to claim 1 , 
wherein 

10 said substrate (10) comprises a plate-like 

configuration, and 

said first and second regions are located 
on the same main surface of said substrate (10). 



Referring to Fig. 15A. semiconductor substrate 
10 comprises a high concentration impurity layer (n* 
layer) 10a, and a low impurity concentration layer (n^- 
layer) 10b thereupon. Ohmic electrode 20 isfonmed at 
the bottom side of the main surface of substrate 10. 
A plurality of ohmic contact metal films 31 are formed 
on the top side of the main surface of substrate 10. 

Referring to Fig. 15B, the surface of substrate 10 
excluding the region which is covered by a plurality of 
ohmic contact metal films 31 is etched anisotropically 
by reactive ion etching to form a plurality of projections 
12. Each projection 12 may be fomned having a width 
of 0.5 - 1^m and a height of 3 - S^tm.. 

Referring to Fig. 15C, an insulation film or a high 
resistance film 40 such as of silicon nitride or silicon 
dioxide film is deposited by CVD method on the sur- 
face of substrate 10 excluding the plurality of projec- 
tions 12, 

Referring to Fig. 15D, ohmic contact metal film 
31 , the sidewall of projection 12, and insulation film 40 
are covered with Schottky contact metal film 32 to im- 
plement a Schottky electrode 30 comprising ohmic 
contact metal film 31 and Schottky contact metal film 
32. 

According to the manufacturing method of Figs. 
15A - 15D of a Schottky banrier diode, Schottky con- 
tact metal film 32 that is electrically connected to 
ohmic contact metal film 31 and that covers the 
sidewall of projection 12 can easOy be formed without 
the need of any mask. 

Although the present invention has been des- 
cribed and illustrated in detail, it is clearly understood 
that the same is by way of illustration and example 
only and is not to be taken by way of limitation, the 
scope of the present invention being limited only by 
the terms of the appended claims. 



15 4. The Schottky barrier diode according to claim 3, 
wherein said ohmic electrode (20) surrounds said 
Schottky electrode (30) to serve as a guard ring. 

5. The Schottky barrier diode according to claim 1 , 
20 wherein said second region comprises at least 
one projection (12), and wherein said ohmic por- 
tion (31) covers at least the top portion of said pro- 
jection (12). 

25 6. The Schottky barrier diode according to claim 5, 
wherein said ohmic portion (31) further covers the 
sidewall of said projection (12). 

7. The Schottky bamer diode according to claim 5, 
30 wherein said pn^jection (12) includes a transvers- 

ing layer (10b) of relatively low concentration of a 
conductivity type determining impurity. 

8. The Schottky barrier diode according to claim 5, 
35 wherein said projection (12) has a relatively low 

concentration of a conductivity typ^ detennining 
impurity 



20 



Claims 

40 

1. A Schottky barrier diode, comprising: 

a semiconductor substrate (10) having a 
prescribed concentration of a conductivity type 
detenmining impurity, 

an ohmic metal electrode (20) formed on a 45 
first region of said semiconductor substrate (10), 
and 

a Schottky metal electrode (30) fomned on 
a second region spaced apart from said first reg- 
ion on said semiconductor substrate (10), so 

wherein said Schottky electrode (30) in- 
cludes at least one ohmic portion (31) forming an 
ohmic contact with said semiconductor substrate 
(10), whereby rectifying characteristics of said 
Schottky banier diode are improved. 55 

2. The Schottky barrier diode according to claim 1, 
wherein said substrate (10) comprises a plate-li- 



9. The Schottky barrier diode according to claim 5, 
wherein said projection (12) and a semiconductor 
layer (10b) fn^m the interface of said substrate 
(10) and said Schottky electrode (30) to a pres- 
cribed depth have a relatively low concentration 
of a conductivity type detemnlning impuri^ in said 
second region. 

10. The Schottky barrier diode according to claim 5, 
wherein a high resistance layer (40) is further pro- 
vided between said Schottky electrode (30) and 
said substrate (10) excluding said projection reg- 
ion (12) in said second region. 

11. The Schottky barrier diode according to claim 5, 
wherein an insulation layer (40) is further pro- 
vided between said Schottky electrode (30) and 
said substrate (10) excluding said projection reg- 
ion (12) in said second region. 
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12. A method of manufacturing a Schottky banrier 
diode, comprising the steps of: 

fonming an ohmic metal electrode (20) on 
a first region of a semiconductor substrate (10), 

fomning at least one small ohmic contact 
metal film (31) in a second region spaced apart 
from said first region on said substrate (1 0). and 

then forming a Schottky contact metal film 
(32) so as to cover said second region, 

whereby a Schottky metal electrode (30) is 
easily formed including said ohmic contact metal 
film (31) covered by a Schottky contact metal film 
(32) with reliable electrical connection therebet- 
ween, and without need of precise positioning of 
said ohmic contact metal film (31) and said 
Schottky contact metal film (32). 

13. A method of manufacturing a Schottky barrier 
diode, comprising the steps of: 

fonming an ohmic metal electrode (20) on 
a first region of a semiconductor substrate (10), 

fomiing at least one small ohmic contact 
metal film (31) in a second region spaced apart 
from said first region on said substrate (10), 

etching anisotropically said second region 
of said substrate (10) excluding the region cov- 
ered by said ohmic contact metal film (31) to fonm 
a projection (12) of said substrate (10) beneath 
said ohmic contact metal film (31), and 

fonming a Schottky contact metal film (32) 
covering said second region while covering said 
ohmic contact metal film (31). 



metal film (31) in a second region spaced apart 
from said first region on said substrate (10), 

etching anisotropically saki second region 
of said sut}Strate (10) excluding the region cov- 
5 ered by said oh mic contact metal film (31 ) to form 

a projection (12) of said substrate (10) beneath 
said ohmic contact metal film (31), 

forming (an) insulation layer (40) covering 
said second region excluding said projection re- 
10 gbn (12) on said substrate (10), and 

forming a Schottky contact metal film (32) 
covering said second region while covering said 
ohmic contact metal Film (31) and said (an) insu- 
lation layer (40). 

15 

16. A Schottky banrier diode having two electrodes 
(20, 30) fonmed on different regions of a substrate 
(10), wherein one electrode (30) includes at least 
one ohmic portion (31) forforming a current block- 

20 ing depletion layer region (12) in a first state and 
a conduction channel in a second state. 

17. A method of forming a Schottky bamerdiode hav- 
ing two electrodes (20, 30) and a substrate (1 0) 

25 including the step of forming at least one ohmic 
portion (31) connected to one electrode (30) for 
forming a cunrent blocking depletion layer region 
(12) in a first state and a conduction channel in a 
second state. 

30 



14. A method of manufacturing a Schottky banrier 
diode, comprising the steps of: 35 

fonming an ohmic metal electrode (20) on 
a first region of a semiconductor substrate (10), 

fonming at least one small ohmic contact 
metal film (31) in a second region spaced apart 
from said first region on said substrate (1 0). 40 

etching anisotropically said second region 
of said substrate (10) excluding the region cov- 
ered by said ohmic contact metal film (31) to fonm 
a projection (12) of said substrate (10) beneath 
said ohmic contact metal film (31), 45 

fonming a high resistance layer (40) cover- 
ing said second region excluding said projectton 
region (12) on said substrate (10), and 

fonming a Schottky contact metal film (32) 
covering said second region while covering said so 
ohmic contact metal film (31) and said high resi- 
stance layer (40). 



15. A method of manufacturing a Schottky banrier 
diode, comprising the steps of: 55 

fonming an ohmic metal electrode (20) on 
a first region of a semiconductor substrate (10), 

forming at least one small ohmic contact 
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FIG. 3B 
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FIG. 10A 
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